YOUNG’S DIAGRAMS IN MUSICAL CHORDS: NEW 
ANALYTICAL PERSPECTIVE 

EDGAR ARMANDO DELGADO VEGA 


ABSTRACT. A new geometric and combinatorial representation is proposed 
through Young’s diagrams associated with musical chords from the pitch class 
space Z 12 . First, algebraic notation is developed for four types of triad chords 
with their representation through empty cell collections. Subsequently, the 
PLR functions in the chord environment are compared as partitions of an 
integer. Finally, the assembly of the harmonic progressions of three popu¬ 
lar musical compositions is demonstrated, forming a tessellation in the plane. 
Keywords: Harmonic progressions, Young diagrams, integer partitions, PLR 
functions, musical tessellation. 
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1. Introduction 

The study of geometric representations of music today plays a fundamental role 
in analysis and composition. The chords have been an essential piece in the theoret¬ 
ical development of music, defining the structure and style. Since the appearance 
of Tonnetz [Eul39] in 1739 as a means of representation of chords, works with a 
focus on the formalization of musical objects have proliferated. Along these lines, 
the mediation of set theory in the Pitch Class Set Theory [For73] was a great step 
forward to abstract certain musical properties from musical works. However, the 
two most prominent conceptual leaps were made in the last 40 years. In 1987 with 
the publication of Generalized musical intervals and transformations [Lew87], D. 
Lewin proposed a formal development of group theory and mathematical transfor¬ 
mation functions, along with serious publications in the area. Later, in 2002, G. 
Mazzola published The Topos of music [Maz02], a vast and seminal book with a 
deep perspective on musical objects, in which mathematics of the highest level is 
used. Thus, new theories and representations from the ideas of L. Euler, D. Lewin 
and G. Mazzola thrive in recent years in the works of E. Gollin [Gol98]; D. Ty- 
moczko [Tym06]; J. Hook [Hoo02]; A. Crans, T. Fiore and R. Satyendra [CFS09]; 
L. Bigo [Bigl3]; M. Mannone et al. [MKH+18]; among others. 

Mosaics are mathematical objects used since ancient times in architectural works. 
They are flat constructions composed of geometric figures in such a way that when 
they join they leave no empty space between them. Since, in group theory applied 
to music, definitions of musical objects such as chords are due to a structure in 
Z n , H. Fripertinger [FR05, Fri04, Fri99] develops a theory of mosaics and divisions 
of integers applied to rhythmic canons. R. Hall and P. Klingsberg [HK06]; F. 
Jedrzejewski [Jed09]; M. Kolountzakis and M. Matolcsi [KM10]; T. Johnson[Joh 11] 
and E. Amiot [Amil6] developments are contemplated in this line of research. 

Following a combinatorial approach, the proposal of this article is to formalize 
the triad chords through the concept of partition from analytical number theory. 
The chords are taken from the notion of pitch class Z 12 as partitions of an integer 
in order to obtain a geometric representation using the Young Diagrams [Ful97] 
associated with these partitions. The diagrams allow a flexible theorization that 
responds to the combinations in the plane of the harmonic progressions abstracted 
from the musical compositions. 

2. Young partitions and representations in chords 

Definition 2.1. A partition A of positive integer n is a sequence of Xk £ Z + that 
comply the conditions (1) and (2): 


Xi > X 2 , > A k (1) 

k 

J2 Xi=n ( 2 ) 

i= 1 

The partition is denoted Ah n. The length L( A) = k is the number of integers 
in the partition sequence. 
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Definition 2.2. The three note chords are constructed as follows: 

Major triad chord = {x, x + 4, x + 7} 

Minor triad chord = (x, x + 3, x + 7) 

In the same way as the major and minor triad chords for the PLR and TI 
functions are described, the construction in the integers for the augmented and 
diminished chords is proposed in the definition2.3. 

Definition 2.3. The chords of three notes not treated as PLR transformations in 
the Neo-Riemannian theory are constructed: 

Augmented triad chord = {x, x + 4, x + 8} 

Diminished triad chord = {x, x + 3, x + 6} 

Let’s start by defining the major, minor, augmented and diminished chords as 
partitions of an integer associated with the definition ?? from the pitch classes 
that constitute it, so the sequence will be rearranged descendingly. The set of all 
these types of three-note chords will be denoted as X next to the subscripts that 
determine their type: maj, min, aug, dis. 

Definition 2.4 (Chord partitions). 

X Xmaj = [A®, A®+ 4 , A*+ 7 ] b n € Z+ 

x Xmin = | A X ; A *+3 j ^+7] |_ „ g Z + 

A Xaug = [A®, A®+ 4 , Ag +8 ] b nez+ 

X xdis = J A X ; A x+3 5 A x+6] |_ n G Z + 

Corollary 2.5. The partition length of any triad X chord is L(X x ) = 3. 


2.1. Common partitions in major and minor chords. Several major chords 
are a different partition of the same integer, for example: 


x Gmaj ^ x Bmaj ^ yEbmaj |_ 2Q 


In the same way, multiple minor chords are different partitions of the same n, for 
example: 


A f #' 


mm ^Dmin ^ yB\>min |_ 


Following these two cases, the major and minor triads can be classified into eight 
groups of three chords each. In some groups, partitions are completed by analogy, 
due to the neutral additive not reduced to module twelve. 
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Triad Groups 


n € Z+ 

Cmaj 

Emaj 

Abmaj 

b 23 

Cmin 

Emin 

Abmin 

b 22 

Gmaj 

Bmaj 

Ebmaj 

b 20 

Gmin 

Bmin 

Ebmin 

b 19 

Fftmaj 

Dmaj 

Bbmaj 

b 17 

Fftmin 

Dmin 

Bbmin 

b 16 

Cftmaj 

Amaj 

Fmaj 

b 14 

C$min 

Amin 

Fmin 

b 13 


Definition 2.6. A Young Y diagram of a A partition is a collection of empty cells in 
L(X x ) justified rows on the left side, where each row has A i cells forming columns. 

Therefore, Young’s diagram associated with the partition chord is denoted Y (A‘ Y ). 
Another form of simile representation with points is called the Ferrers diagram, ft 
is worth mentioning that there are two representations of the diagrams: English 
notation (use in this work) and French notation. The French notation offers, ac¬ 
cording to the type of chord, a greater analogy with the arrangement of the notes 
in a score, where the fundamental note of the chord is at the base. 

The association proposal is obtained by inverse thinking. It is assumed that the 
chord messily describes many partitions of a n integer and these in turn can be 
represented in Young’s diagrams. To do this, the chords from the pitch classesZi 2 
are reordered to meet the definition by descending sequence of integers in the par¬ 
titions. As mentioned earlier, the persistent difficulty in the model is the neutral 
additive of the group. The zero cannot be entered in the partition sequence. An 
idea to counteract this would be to consider the neutral of the group as a twelve. 
Although, it will cease to have this property for the additive group. 

2.2. Triad chord catalog in Young diagrams. 


Y(X Cmaj ) = [12,7,4] b 23 ha 
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Y(X Gmaj ) = [11,7,2] b 20 ha 


y( A Bmai) = [ U)6)3 ] |_ 2 Q HA 


y(A Ebmoj ) = [10, 7, 3] I— 20 I—>- 


= [10,7,2] b 19 ha 


Y{X Bmm ) = [11,6,2] b 19 ha 


Y{X Ebmin ) = [10,6,3] b 19 ha 


Y{X Fimaj ) = [10,6,1] b 17 


HA 


y(A Dmaj ) = [9,6,2] b 17 ha 


y( A Sbmaj) = [10,5,2] b 17 I 


y(A F,mi ") = [9,6,1] b 16 ha 


Y{X Dmin ) = [9,5,2] b 16 ha 


Y{X Bbmin ) = [10,5,1] b 16 ha 


Y(X Cimaj ) = [8,5,1] b 14 ha 


Y(X Amaj ) = [9,4,1] b 14 ha 


Y(X Fmaj ) = [12,9,5] b 14 ha 
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y( A C|Mn) = [ g)4) 1] h 13 ^ 


Y(X Amin ) = [12,9,4] b 13 ^ 


= [12,8,5] b 13^ 


The chords \Crnaj ^Crnin X Fmaj X F m in X A]> m aj y ^Amin they have the neu tral 
additive of the group of integers module twelve. For the purposes of this work, it 
is assumed that 12 = 0 (mod 12).. Therefore, the definition of Fmin diagram is 
interpreted Y(\ F min) = [12 = 0 (mod 12), 8,5]. 


2.3. Catalog of triads augmented in Young diagrams. 


Y (\ Cau9 - Eau g—G\ t““9) _ [ 12 8 4] I— 24 i_ y 


Y (X Gau 3= B aug=DUu9} = [n )7) 3] p 21 


Y ^ x Dau g =Ftaug=Aiaugs ) = [1 0; 6, 2] b 18 ^ 


Y ( X Faug=Aaug=Ctaugj = ^ 5, 1 ] p i5 ^ 



In Young’s diagrams and set theory, the augmented chords are reduced to four. 
On the one hand, a Eaug chord can be understood musically as the first inversion of 
Caug; however, they represent the same set of pitch classes, so the chord inversion 
is abstracted. Classifying them by groups is entirely due to musical theory and 
equivalence classes; partitions do not determine classification. 

2.4. Catalog of diminished triads in Young diagrams. 


Y (\ Cdis ) = [12,6,3] b 21 ^ 


Y(A cttdis ) = [7,4,1] b 12 ^ 


Y{\ Udls ) = [8,5,2] b 15 i—>• 
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Y(X mdis ) = [9, 6 , 3] b 18 i-a 


Y{X bjdls ) = [10,7,4] b 21 >-a 


Y(X s ) = [11,8,5] b 24 hA 


Y(X Fidis ) = [12,9,6] b 27 ha 


Y{X Gdis ) = [10,7,1] b 18 i-A 


Y(X Gtdis ) = [11,8,2] b 21 hA 


Y(X Adls ) = [12,9,3] b 24 ha 


Y(X Atdis ) = [10,4,1] b 15 i-A 


Y(X Bdls ) = [11,5,2] b 18 ^ 


In this case, partition theory and associated Young diagrams do determine a 
classification of diminished chords, in addition to providing a geometric interpreta¬ 
tion. Thus, we could find two groups with 3 chords: group of integer 21 with the 
chords {Cdis,Edis,G$dis}\ the whole group 18 {Dftdis, Gdis, Bdis}. 

In addition, there are two groups with two chords each: the integer group 24 
{Fdis, Adis} and the integer group 15 {Ddis, A$dis}. Finally, there are indepen¬ 
dent diminished chords C$dis and Fftdis represent 12 and 27 respectively. These are 
the partitions of the major integer and the minor integer among all the triad clas¬ 
sifications. The diminished triad chords with the neutral additive 12 = 0 (mod 12) 
are {Adis, Fftdis, Cdis}. 

3. PLR versus Young Diagrams and Common Partitions 

What relationship do chords have that are a partition of the same positive in¬ 
teger? Let’s investigate the similarity of these chords in the PLR functions. Let’s 
start by comparing the classic PLR functions [Coh97] and partitions on contiguous 
chords in the Tonnetz. 
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3.1. P function. Compare, for example, going from Emaj to Emin in both 
worlds. In Neo-Riemannian functions we speak of P. It is observed that Emaj = 
(11,8,4) is a partition of an integer other than Emin = (11,7,4). However, the 
positive proximity between 23 and 22 does not differ from the notion of minimal 
vocal conduction and can be understood under the definition of P in the integers 
[CFS09]. Looking at the comparative table of the eight groups, it can be seen that 
all the possible P functions in the world of Young’s Diagrams, remain at an integer 
distance, as in the PLR theory. 

3.2. R function. Consider now the function R, also contiguously geometrically in 
the chords to be transformed. To go from Emaj = (11,8,4) to Cftmin — (8,4,1), 
they share the same distance in the transformational vision: to the fifth of the 
Emaj chord is added the integer two and is understood as fundamental. But, in 
the world of partitions both chords are far away. Emaj is a partition of 23 and 
Cjjmm is a partition of 13. The interesting thing is that 13 (mod 12) = 1 and on 
the other hand, 23 (mod 12) = 11, whose quotient is 1. Both 13 and 23 can be 
interpreted as an geometric inversion Iq of the note B or Cj). 

3.3. L function. In function L, the chords share two common notes: the third 
and fifth of the starting chord. To go from Gmaj —► Bmin, the fundamental of 
the split chord descends half a tone and the third becomes the fundamental of the 
arrival chord. In partitions the chords differ only by one. It is concluded that they 
are next in geometric and numerical form, both in the Neo-Riemannian theory and 
in the Young Diagrams associated with a partition of a positive integer n. 


3.4. PLR Functions on Young Chord Classification. In the Neo-Riemannian 
theory to transform a Gmaj —> Dmin chord, the PRL or R' functions are composed. 
The composite PLR functions that are applied to transform the chords within each 
major and minor partition group are PL, LP, PLPL and LPLP. Each partition of 
subsequent integers forms a strip in the Tonnetz. Let’s see some examples: 


LP 



4. Mixture of musical triads 

With the catalog of major, minor, augmented and diminished triads, a general 
table is prepared to show the route of integers and their partitions with each set of 
chords. 
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Extended Triad Groups 


n e Z+ 

F$dis 

- 

- 

b 27 

Caug 

Emaj 

G^aug 

b 24 

Fdis 

Adis 

— 

b 24 

Cmaj 

Emaj 

A\>maj 

b 23 

Cmin 

Emin 

A\>min 

b 22 

Gaug 

Baug 

Dftaug 

b 21 

Cdis 

Edis 

G$dis 

b 21 

Gmaj 

Bmaj 

E\>maj 

b 20 

Gmin 

Bmin 

Ebmin 

b 19 

Daug 

Ffaug 

A$ aug 

b 18 

D$dis 

Gdis 

Bdis 

b 18 

Fftmaj 

Dmaj 

Bbmaj 

b 17 

F$min 

Dmin 

Bbmin 

b 16 

Faug 

Aaug 

C'baug 

b 15 

Ddis 

A$dis 

- 

b 15 

C$maj 

Amaj 

Fmaj 

b 14 

C$min 

Amin 

Fmin 

b 13 

C$dis 

- 

- 

b 12 


It is observed that the groups of chords have a maximum multiplicity of two as 
in the case of the integers 24, 21, 18, 15. The dichotomy of numerical proximity of 
the major and minor triads extends towards an increased and diminished parity. 

5. Harmonic conjugates 

The conjugates of Young’s diagrams are obtained by reflecting the associated 
cells diagonally. However, this transformation does not form a new chord. On the 
contrary, the length is increased by losing the sequence of three whole notes typical 
of a triad. 


Y{\ Udls ) hA 


Y{\ Ddis *) ha 


Y{X Amaj ) i-a 


y^Amar ) ^ 


Corollary 5.1. V Y(X x );Af = 3. 
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Conjugates such as Y (\ Ama i ) = [3,2,2, 2,1,1,1,1,1] will vary in length 7 < 
L(X x ) < 12 . However, the largest part of the sequence for triad chords will be 
three. A feasible interpretation is to treat them as an intervalic structure [For73] 
of a given scale. This gives the notes C, C ft, D, D ft, F, G, A, B b and B. 

For autoconjugates it is true that Y(A a ) = Y(A a ); that is, geometrically the 
reflection through the diagonal leaves the diagram under the same configuration. 
And, following the previous interpretation, a partition b 12 distributed [4,4,4] has 
an increased chord structure and is at the same time a support space K F T [ 4,4,4] 
between simplicial complexes [Bigl3]. 


i—^ Y(A a '““») 


In the same way, a partition b 12 distributed [2, 2, 2, 2, 2, 2] forms a whole tones 
scale. 


ha Y(\ Xwt s 


The possibilities of generalizing partitions to scales and chords using the in¬ 
tervalic structure as a generating concept are unlimited. Young representations 
associated with these musical objects could be made. 

6. Harmonic Tessellation with Minimum Young Diagrams 

The minimum tiling for two chords is then constructed in such a way that one 
of them is assembled by reflection in the plane. The representation of the chord is 
due to a French pseudonotation with a right alignment denoted by 4>. 


Y{X Cmaj ) = [12,7,4 ]\J Y(X Ftmin ) = [9,6,1]* b 39 


HA 








































Y(\Cmin^ 

= [12,7,3] (J Y(X Fimaj ) = [10,6,1 

HA 









































Y(X° tlmo,-) = [ 8) 5j J] J Y(X Cimm ) = [8, 4, 1]* b 27 


HA 


( 3 ) 


( 4 ) 


( 5 ) 


Y(A c#mm ) = [8,4,1] (J Y{X Cimaj ) = [8,5,1]$ b 27 


( 6 ) 
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H-J- 

Y(X Dmaj ) = [9,6,2] [j Y (\ Cimin ) = [8,4,1]$ b 30 (7) 


Y(X Dmin ) = [g, 5 ) 2] (J Y(X Cimaj ) = [8,5,1]* h 30 (8) 


Y ( X Dtmaj) = [10,7,3] U r(A c # mm ) = [8,4,1]$ b 33 (9) 


Y(X mmin ) = [10,6,3] (J F(A cttmaj ) = [8,5,1]$ b 33 (10) 

H> ~ __ 

Y{\ Ema i) = [11,8,4] (J Y(X Cimin ) = [8,4,1]* b 36 (11) 

_ 

Y{X Emin ) = [11,7,4] (J Y(X Cimaj ) = [8,5,1]$ b 36 (12) 

Y(X Fmaj ) = [12,9,5] |J Y(X ctmin ) = [8,4,1]* b 39 (13) 

i-A _ 

Y{X Fmin ) = [12,8,5] (J Y(X Cimaj ) = [8,5,1]$ b 39 (14) 

i-A ~ "__ 

Y{X Fimaj ) = [10,6,1] (J Y(X Bbmin ) = [10,5,1]$ b 33 (15) 


Y{ A F#m “) = [9,6,1] |J Y(X Amaj ) = [9,4,1]$ b 30 


(16) 
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H>_ 

Y(X Gmaj ) = [11,7,2] \J Y (X mmin ) = [10,5,1]$ b 36 (17) 


Y(X Gmin ) = [10,7,2] |J Y{X Amaj ) = [9,4,1]$ b 33 (18) 


Y(X Gtmaj ) = [12,8,3] |J Y(X m ™ in ) = [10,5,1]* b 39 (19) 

i-A 

y( X Gimin ) = [11,8,3] (J y( X Amaj ) = [9,4,1] 4 b 36 (20) 

F(A AmQi ) = [9,4,1] (J Y(X Fimin ) = [9,6,1]$ b 30 (21) 


y( X Amin ) = [12,9,4] (J Y(X Amaj ) = [9,4,1]$ b 39 (22) 

Y{X A * maj ) = [10,5,2] (J y( x nmin ) = [9,6,1]* b 33 (23) 

y( X Aimin ) = [10,5,1] [J Y(X Fimaj ) = [10,6,1]$ b 33 (24) 

F(A Bra “ 3 ) = [11,6 , 3] (J Y(X Fimin ) = [9,6 , 1]$ b 36 (25) 

F(A fl “) = [11,6 , 2] (J y( X Fimaj ) = [10,6 , 1]* b 36 (26) 

^cc)®®© 
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i-A 


The minimum tiling union between chords in Young’s diagrams, in which the 
minor integer is one in the chord that completes, throws new classifications by 
partition. The following table is subsumed: 



Frequency 

per 

partition 


b 27 

b 30 

b 33 

b 36 

b 39 

C'jjraaj 

Amaj 

A\>maj 

Bmaj 

Amin 

Ctymin 

F^min 

Abmin 

Bmin 

G$maj 

- 

Dmaj 

Gmin 

Gmaj 

Fmaj 

- 

Dmin 

Fftmin 

Gftmin 

Fmin 

- 

- 

D$maj 

Emaj 

Cmaj 

- 

- 

D$min 

Emin 

Cmin 


The partitions of larger integers belong to the chords that have the neutral ad¬ 
ditive not reduced to module twelve. 

The results can also be classified by the minimum chords that complete the rect¬ 
angular tiling. 



Cmaj 

Amaj 

A$maj 

Bmaj 

- 

U F(yi-) = [9,6,1]$ 

Cminj 

A$min 

Bmin 

- 

- 

Jy( A E||mcy) = [IQ, 6, 1]$ 

C%maj 

Dmaj 

Dftmaj 

Emaj 

Fmaj 

(JF(A c#rom ) = [8,4,1]$ 

C$min 

Dmin 

D$min 

Emin 

Fmin 

= [8,5,1]$ 

Ftymin 

Gmin 

G$min 

Amin 

- 

uy( A A “ 3 ) = [ 9 , 4 , 1 ]$ 

Fftmaj 

Gmaj 

G$maj 

- 

- 

|Jy( A £Pmm) = [IQ, 5,1]$ 


First it is observed that the parity for the tessellation must be opposite. For 
example, with a major chord you can complete it with a minor chord and vice 
versa. Second, the union can be extended to tessellations of larger dimensions and 
cells. In many cases, the form they would adopt for the fundamental, third and 
fifth of the chord would be maximum twelve. Subsequently, the rest of the system 
module would be applied. Thus, thirteen is equal to one, fourteen to two, etc. 
However, if the tessellation is increased by one iteratively, such as a chromatic ascent 
of chords, when the first additive neutral of the group is exceeded, the rectangular 
tessellation vanishes. So the choice will depend on the geometric and analytical 
purpose pursued. 

7. Application of the method by Young’s diagrams 

7.1. Maximum compactness. The search for the minimum change in the nota¬ 
tion and representation of Young’s diagrams for the chords is the premise of the 
method that is applied. Permutation will only be used when strictly necessary, 
specifically to comply the definitions. Thus, prior to assembly, stacking is preferred 
(joining by Ai) and joining the progression of chords per strip across the length of 
the partition. 
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7.2. Creep - Radiohead - 4 chords. [Rad93] 

■ ^ Y{X Gmaj )\jY{X Cmin )^ 




Y (X Bmaj ) |J Y(X Cmaj )^ 


Creep iteratively uses four chords. The natural thing is to join a major chord with 
a minor chord for opposite parity, considering that it is in the range of not exceeding 
the first neutral additive by chromatic ascent. In this way, Gmaj and Cmin are a 
perfect b 42 partition. Bmaj and Cmaj form a non-perfect b 43 partition. This 
does not comply the definition of representation by Young diagrams. One possibility 
is to reorder the partition by taking advantage from abstraction over the inverted 
chords in the musical world of pitch classes. The permutation for convenience of 
pitch classes will be denoted with the superscript T. 




Y(X Bmaj ){jY(X Cmaj ) ] 


* 


[15,15,13] 


The gluing of the four chords has two possibilities. First, let’s think of a permuted 
paste T for the largest integer of the partition. 


Y(Creep)' 1 ' = [15,15,14,14,14,13] 


The length of Creep by stacking is 6. Instead, it is different taking the second 
possibility: join the harmonic progression by its length. Let’s see: 


ha Y(Creep)' 1 ' = [29,29,27] 

Finally, it is worth mentioning to compare this perspective in M. Capuzzo 
[Cap04], who performs a transformational network analysis on this Radiohead song, 
find the functions in composition L, L ', P and P '. 


7.3. Constelacion - Los destellos - 2 chords. [Des71a] 


Y(Constelacion) = [15,15,15] ha 


Y(X Emin )\jY(X Emaj )* 


The tessellated partition of b 45 is perfect in Constelacion. In Neo-Riemannian 
theory, the chord change happens under the function P. 
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7.4. Pasion Oriental - Los destellos - 3 chords. [Des71b] 
Y(X F ^ maj )[jY{X Bmaj )^ = [12,12,12] 


These chords form the tessellated partition of b 36. The problem is to append 
the following Cftmaj chord. The union is then used through Ai: 


F(Pasion Oriental) 


[12,12,12,8,5,1] 



In general, the length of Pasion Oriental is 6. On the contrary, if the assem¬ 
bly was chosen across the length, it would remain at 3 with the reflection of the 
chord. Here the definition of the diagrams has been maintained, without using 
permutation. The other possibility is the strip representation of the composition: 


F(Pasion Oriental) i—»• 

i—^ Y (Pasion Oriental) = [20,17,13] = Y(X Fimaj ) |J Y(X Bmaj )* |J Y(X Cimaj ) 

In both constructions, assemblies are partitions of integer b 49. 

Corollary 7.1. The length l of a musical composition per assembly of major and 
minor triads is a multiple of 3. 


8. Dyson range of chord tiling 

Definition 8.1. The Dyson [Dys44] range of a positive integer n is defined as the 
largest integer in the sequence by subtracting the number of parts of the sequence. 

Rank(X) = Ai - L{ X x ) (27) 

All triad chords, as seen in the corollary 2.5 have length three and the largest 
possible integer between the set is the group module. Cmaj, Abmaj, Cmin, Fmaj , 
Fmin and Amin have the highest rank 9. Emaj , Emin , Abmm, Gmaj , Bmaj, 
Bmin have rank 8. Ebmaj , Gmin , Ehmin, Fftmaj, B\>maj , B\>min they have rank 
7. Dmaj , Fftmin, Dmin, Amaj have rank 6. And C$maj and C$min have rank 
5. For conjugates, the range can be a negative integer. For example, Amaj has a 
range of —6. In general, the minuedo is = 3. 

On the other hand, the range is greater when the assembly of two chords occurs. 
Even more in the assembly of compositions. A classification is postulated according 
to the Dyson range of each musical composition. For example in Creep, the Dyson 
range in the assembly for Ai is 12. While in the assembly by L{X x ) it is 26. The 
range in Constelacion is 12. In Pasion Oriental there are also two possible ranges: 
9 for tiling by stacking and 17 for the strip form. 
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9. Conclusion and discussions 

The assembly of chords as Young’s diagrams allows to represent the harmonic 
progressions of musical compositions as tessellated in the plane. By abstracting the 
inversion property of the chord, the diagrammatic form of the composition is more 
compactly joined. In that direction, the objective is to minimize the harmonic 
progression assembly, because one of the difficulties in making calculations with 
Young’s diagrams is their graphic extension under this perspective. A compact 
notation such as Dm = (2,5,9) on the circumference of pitch classes Z 12 and in 
the score is preferable to the notation X Dm = [9, 5, 2] b 16 with their respective 
associated Young diagram. However, this geometric representation favors intuition 
and reasoning, causing theorization to emerge through the visual manipulation of 
its elements. For example, it allows in a comparative approach the use of the 
Neo-Riemannian PLR functions with the polygons inscribed in the circumference 
of tones and the Tonnetz. 

Later work would focus on combinations. From the permuted assembly of a com¬ 
position a minimum harmonic progression can be annexed, as was done for a single 
chord. In the compositions addressed, the union of new cells can be carried out 
on the side where they do not delimit a rectangle. Likewise, the conjugates of the 
chord partitions would be used as minimum complementation for certain harmonic 
progressions, combining conveniently distributed chords or scales. In the future it 
is also necessary to investigate the gluing of these objects forming categories used 
in music theory. For example, perfect cadences in Young’s diagrams, typical jazz 
progressions. Computational geometry and computer programs could improve the 
speed of musical assembly calculation. Finally, since mathematical theory clas¬ 
sifies musical objects, it is necessary to test whether harmonic progressions and 
musical compositions are determined by some usual mathematical pattern in num¬ 
ber theory. This combinatorial development would serve to subsume the particular 
Young’s diagrams in a global tessellation of an album, an author or a musical genre; 
originating a classifying geometric corpus. 
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